The leaves and twigs of Piper krukoffii, collected in the Carajás National Forest, north Brazil, yielded essential oils (2.0% and 0.8%), the main constituents of which were myristicin (40.3% and 26.7%), apiole (25.4% and 34.1%) and elemicin (2.8% and 3.0%). The antioxidant activities of the oils, methanol extract and its sub-fractions were evaluated. The DPPH EC 50 values varied from the ethyl acetate sub-fraction (73.4 ± 3.7 μg/mL) to the methanol extract (24.9 ± 0.8 μg/mL), and the ABTS TEAC values ranged in the same order from 265.7 to 349.2 μMol TE/g. These results indicated a significant antioxidant activity for the plant. The lignans (-)-kusunokin, yatein, (-)-hinokin and cubebin were identified in the methanol extract. The hydro-methanolic sub-fraction showed a high value for total phenol content (106.5 ± 0.7 mg GAE/g), as well as 1 H NMR signals for sugar moieties. Crude extracts and sub-fractions were also able to inhibit β-carotene bleaching, varying from 22.4 to 47.1%. The oils from the leaves and twigs showed strong larvicidal (21.4 and 3.6 µg/mL) and fungicide (0.5 and 0.1 µg/mL) activities.
The Piperaceae comprises 5 genera and about 1,400 species with a mainly pantropical distribution [1a] . Piper is the largest genus in the family with about 1,000 species of which 170 have been described in Brazil [1b] . The family is represented by herbs, lianas, shrubs and, rarely, by trees. P. krukoffii Yuncker is a nodose shrub, 5-6 m high, distributed in northern Brazil [1b] .
Beyond the taxonomic description, there are few reports on P. krukoffii. There are some findings related to chemical composition and antioxidant activity of its essential oil [2a-c] . The plant is reported as being used as an antiinflammatory in the Colombian Amazon, and the aqueous extract of a specimen was examined for its antioxidant activity [2d] .
Recently there has been a growing interest in the search for spices, aromatic and medicinal plants as sources of natural antioxidants. In general, the antioxidant capacity of these plant tissues is associated with the activity of the free radical scavenging enzymes and with the contents of antioxidant substances, mainly phenolic compounds. The use of essential oils as functional ingredients in foods, drinks, toiletries and cosmetics has also been gaining importance because of an increasing concern about potentially harmful synthetic additives. Oils and extracts have been proposed for the control of human illnesses, and the prevention of lipid peroxidative damage implicated in several pathological disorders, such as atherosclerosis, Alzheimer's disease, carcinogenesis and aging processes [3a,3b] .
As part of an ongoing project to survey the Amazon aromatic flora we have reported the chemical composition of the oils of many Piper species [2c] . The aim of the present work was to investigate the essential oil composition, total phenolic content and antioxidant, antifungal and larvicidal activities of crude extracts and sub-fractions of P. krukoffii, as well as the identification of some active compounds.
Oil yield and composition analysis:
Leaves and twigs of P. krukoffii yielded essential oils (PkO-1, 2.1%; PkO-2, 0.8%), which were analyzed by GC and GC-MS. Individual components were identified by comparison of both mass spectra and GC retention data with authentic compounds previously analyzed and stored in the data system (Table 1) . Other identifications were made by comparison of mass spectra with those available in the data system libraries and cited in the literature [4a,b] . The main 
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Methanol extract analysis:
The lignans (-)-kusunokin, yatein, (-)-hinokin and cubebin were identified in the methanol extract (PkMe) of P. krukoffi by analysis of their 1 H NMR spectra and by comparison with authentic standards using analytical TLC and HPLC, as well as by mass spectra resulting from GC-MS analysis [6a-6d] . These lignans were previously isolated from P. richardiaefolium Kunth. from Ubatuba, São PauloState, Brazil [6e].
DPPH radical scavenging:
The percentage of inhibition of DPPH ranged from 13.4% to 85.2% and the EC 50 values, calculated by linear regression, varied from 24.9 to 73.4 µg/mL. The highest activity was observed for the methanol extract (PkMe, 24.9 µg/mL), followed by its hydro-methanolic (PkMe-Hf, 35.4 µg/mL), dichloromethane (PkMe-Df, 52.5 µg/mL) and ethyl acetate (PkMe-Ef, 73.4 µg/mL) sub-fractions. The scavenging capacity of the methanol extract (PkMe, EC 50 24.9 µg/mL) of P. krukoffii was three times higher than that of the aqueous extract of P. bettle (EC 50 62.6 µg/mL), an important medicinal species of Asia [7] . The lignans (-)-kusunokin, yatein, (-)-hinokin and cubebin were also found in the dichloromethane sub-fraction (PkMe-Df), whereas in the hydro-methanolic sub-fraction we have identified only sugars, evidenced by the signals in the 1 H NMR spectrum.
These results corroborate the intermediate antioxidant activity observed for the hydro-methanolic sub-fraction. Thus, the significant antioxidant activity of the methanol extract (PkMe, 24.9 µg/mL) of P. krukoffii is attributed to the presence of lignans and sugar moieties. The leaf oil (PkO-1) did not show significant antioxidant activity, probably because its main constituents, myristicin, apiole and elemicin, are poor donors of either electrons or hydrogen.
Total phenolic content: The total phenolic content (TP) of P. krukoffii increased from the dichloromethane subfraction (PkMe-Df, 41.9 ± 1.4 mg GAE/g) to the hydromethanolic sub-fraction (PkMe-Hf, 106.5 ± 0.7 mg GAE/g), showing moderate activity. In the methanol extract (PkMe, 98.2 ± 1.1 mg GAE/g) and the ethyl acetate sub-fraction (PkMe-Ef, 94.3 ± 2.1 mg GAE/g) intermediate values were observed, whilst for the oil it was negligible. The aqueous extract from leaves of P. krukoffii collected in Colombia showed a value of 16.8 ± 0.1 mg GAE/g for total phenols [2d], about six times lower than the value determined for the analyzed hydro-methanolic sub-fraction (PkMe-Hf, 106.5 ± 0.7 mg GAE/g).
ABTS/TEAC scavenging activity:
All extracts and subfractions showed ABTS scavenging activity. The results were expressed in terms of Trolox Equivalent Antioxidant Capacity (TEAC). The highest activity was obtained for the methanol extract (PkMe, TEAC = 349.2 ± 3.2 µMol TE/g), followed by the hydro-methanolic (PkMe-Hf, TEAC = 308.6 ± 8.1 µMol TE/g) and dichloromethane (PkMe-Df, TEAC = 265.7 ± 18.2 µMol TE/g) subfractions. These results confirm those previously obtained for the DPPH assay. Just as seen above for the total phenolic content, the TEAC values obtained by us for the methanol extract and sub-fractions were much more ). In addition, the oil also showed antioxidant activity, unlike in the DPPH and TEAC assays which proved negative. This result is in line with those of Nenadis and co-workers [8] in which the partition coefficient of less polar combinations results in greater interaction with the lipid layer, thus showing a higher antioxidant activity. We are assuming that the ethyl acetate fraction (PkMe-Ef) was more active than the oil (PkO) due to the efficiency of the solvent to solubilize the phenol compounds existing in the plant. This is confirmed by the good correlation between the total phenolics and β-carotene/linoleic acid assays. The antioxidant activities of the oil, methanol extract and sub-fractions, as well as the standard, measured according to their abilities to prevent the oxidation of emulsified βcarotene/linoleic acid, are shown in Figure 1 .
Brine shrimp bioassay:
The oils of P. krukoffii showed significant brine shrimp larvicidal activity according to Meyer and co-workers [9a] , who classified crude extracts and pure substances into toxic (LC 50 < 1000 μg mL-1) and
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Statistical analysis:
This showed a significant linear relationship between concentration and DPPH inhibition, with a p < 0.05. The total phenolic content showed good correlation with the β-carotene/linoleic acid (r = 0.74) assay, and a medium correlation with the DPPH (r = 0.50) and TEAC (r = 0.65) values, and high correlation between the DPPH and TEAC (r = 0.94) values. Nevertheless, these values showed low correlation (DPPH, r = 0.15; TEAC, r = -0.27) when related to the inhibition of β-carotene oxidation.
Antifungal assay: Fungicide activity was measured using a direct bioautography test after the nebulization of fungal spores. The twig oil (PkO-2) showed a minimum inhibitory concentration (MIC) for C. cladosporioides and C. sphaerospermum of 0.1 μg/mL, while the leaf oil (PkO-1) was comparable to that of miconazole (0.5 μg/mL), used as positive control. Therefore, the oils of P. krukoffii present a significant fungicide activity, particularly the twig oil, which is five times more active than miconazole. Plant processing: The leaves and twigs of P. krukoffii were air-dried, ground and subjected to hydrodistillation (100 g each, 3 h) with a Clevenger-type apparatus. The oils (leaves, PkO-1; twigs PkO-2) were dried over anhydrous sodium sulfate and their percentage contents were calculated based on the plant dry weight. The moisture content of the samples was calculated after phase separation in a Dean-Stark trap (5 g each, 30 min) using toluene. The leaves (8 g) were also submitted to Soxhlet extraction to obtain the methanol extract (PkMe, 800 mg), then suspended in a solution of methanol-water (8:2) and partitioned with dichloromethane and ethyl acetate, yielding the hydro-methanolic (PkMe-Hf, 352 mg), dichloromethane (PkMe-Df, 84 mg) and ethyl acetate (PkMe-Ef, 60 mg) sub-fractions, respectively.
Experimental
Oil composition: Analysis of the volatile compounds was performed in a THERMO DSQ II GC-MS instrument, with the following conditions: DB-5ms (30 m x 0.25 mm; 0.25 µm film thickness) fused silica capillary column; temperature program: 60-240°C (3°C/minute); injector temperature: 250°C; carrier gas: helium, adjusted to a linear velocity of 32 cm/second (measured at100°C); injection type: splitless (2 µL, of a 1:1000 n-hexane sol.); EIMS: ionization potential, 70 eV; ion source temperature and connection parts: 200°C. The quantitative data of the volatile constituents were obtained by peak area normalization using a FOCUS GC/FID operated under the same GC-MS conditions, except for the carrier gas that was nitrogen. The retention index was calculated for all volatile constituents using a homologous series of n-alkanes.
Methanol extract fractionation:
The methanol extract (PkMe, 800 mg) was submitted to silica gel column chromatography, eluted with gradient mixtures of nhexane:EtOAc and EtOAc:MeOH, furnishing 26 fractions. Based on similarities on TLC analysis, the process was repeated with fraction 10 (240 mg), resulting in a further 30 sub-fractions. Sub-fractions 20 and 21 (60 mg each) were purified by prep TLC and analyzed by HPLC. The HPLC analysis was performed as follows: LC system (SCL-10A) and UV diode-array detector (SPD-M10A), Shimadzu, Class VP software, pre-column C18 (1 cm), Phenomenex column C18 (250 x 4.6 mm x 5 µm), using elution gradient of acetonitrile-water.
DPPH radical scavenging assay:
The radical scavenging activity of each sample was calculated by the DPPH inhibition percentage (inhibition %). The total antioxidant capacity was expressed as equivalent of Trolox (TEAC) 
β-Carotene/linoleic acid assay:
The ability of the extracts to prevent β-carotene bleaching was assessed as previously described by us [5e]. The antioxidant activity (AA%) was calculated in terms of percent inhibition relative to the control.
Total phenolic content:
The amount of total phenolics (TP) of the extracts was determined according to the Folin-Ciocalteu procedure (10a,b] . The total phenolic content was expressed as gallic acid equivalents (GAE) in mg per g of extract.
Brine shrimp bioassay: This was carried out to investigate the larvicidal activity of the oil and extracts [11a] . Experiments were conducted along with a control and different concentrations (1 at 1000 µg/mL) using 3 replicates. The lethality percentage was determined by comparing the mean value of surviving larvae of the test with the control tubes. Lethal concentration (LC 50 ) values were obtained from the best-fit line plotting concentration versus lethality percentage [11b].
Antifungal assay: Ten μL of the oil solution (corresponding to 100, 50, 25, 10, 5, 1, 0.5 and 0.1 μg) were applied to pre-coated TLC plates which were developed with a solution of n-hexane/ethyl acetate (8:2) and dried for complete removal of the solvent. The plates were sprayed with a spore suspension of Cladosporium sphaerospermum and C. cladosporioides in glucose and salt solution, and incubated for 48 h in darkness in a moistened chamber at 22ºC. Clear inhibition zones appeared against a dark background indicating the minimal amount of the essential oils required. Miconazole was used as a positive control [12a,12b] .
Statistical analysis:
Samples were assayed in triplicate and the results are shown as means ± standard deviation. Analysis of variance was conducted and the differences between variables were tested for significance by one-way ANOVA with Tukey's post hoc test using Minitab version 14. Differences at p < 0.05 were considered statistically significant. The type of relationship between variables was determined by simple regression analysis.
